Travel time reliability is a fundamental factor in travel behavior. It represents the temporal uncertainty 5 experienced by users in their movement between any two nodes in a network. The importance of the 6 time reliability depends on the penalties incurred by the users. In road networks, travelers consider the 7 existence of a trip travel time uncertainty in different choice situations (departure time, route, mode, and 8 others). In this paper, a systematic review of the current state of research in travel time reliability, and 9 more explicitly in the value of travel time reliability is presented. Moreover, a meta-analysis is performed 10 in order to determine the reasons behind the discrepancy among the reliability estimates. 
1 Introduction time reliability. They used a survey of paired comparison questions of hypothetical route alternatives. A pair the different hypothetical scenarios. The data was analyzed by a discrete-choice model; a utility function was 23 specified containing attributes for the alternatives including toll, travel time and reliability. This statistical 24 model approach allows for the estimation of the well known value of time (VOT), and the value of reliability 25 (VOR). The latter value represents the susceptibility of the commuters to (un)reliability in monetary terms, 26 and it is calculated as the ratio between the parameters of travel reliability and travel cost (toll cost in the 27 study). This VOR represents the marginal rate of substitution between travel cost, and travel reliability. 
Scheduling Delay + Dispersion Measures

32
In Noland and Small (1995), the previous scheduling approaches is extended to include explicitly the uncer-33 tainty of travel time (e.g. non-recurrent congestion). This uncertainty is expressed in the form of a stochastic 34 variable (the delay represented by t r ) with a given probability density. Thus, the optimization problem 35 changes (also the utility function is traded for a trip cost form), and now the consumer minimizes the ex-36 pected cost C after choosing the optimal s (see eq 2). The elements of 2 include the scheduling costs for 37 early vs late arrival at work presented earlier, but also the last term employs the distribution of the stochastic 38 delay in order to compute the probability of being late. P L is simply E(DL) depending on s. Therefore, the 39 last term P L also contains the costs of travel time unreliability as the dispersion (or variability) of the travel 40 time distribution affects the calculated probabilities. In addition, travel time dispersion (or variability) may 41 increase the propensity of early arrivals, and thus high earliness costs can be incurred. This implies variabil-42 ity and scheduling costs are related. Interestingly, previously discussed models in section ?? only considered 43 travel time reliability measures (e.g. variance, standard deviation, difference of percentiles) without looking 44 at scheduling-specific variables.
1 C * = Min s E(C(s, t r )) = Min s (γ 0 E(T) + γ 1 E(SDE) + γ 2 E(SDL) + γ 3 P L )
A empirical study including both scheduling delay and dispersion measure is Asensio and Matas (2008) .
2 However, they find high correlation between the scheduling and dispersion variables, when they are included 3 in the model. Therefore, they conclude that the model could only handle one or the other.
4
In addition, other more recent studies (e.g. Tilahun and Levinson (2010) other passenger transport), significant differences in VOT estimates by trip purpose, trip mode, and region
19
of the world.
20
In terms of valuation of value of travel time reliability (VOR), there are not many meta-analysis studies.
21
The author after an extensive search only found one: Tseng (2008) . This study identifies various differences • Contained estimates of VOT, VOR, or RR that could be made comparable across studies;
35
• Stated explicitly and clearly how the expected travel time and travel time (un)reliability were mea-36 sured;
37
• Sample size of the data was provided; Minimum values are included as well.
38
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It should be remember that the Reliability Ratio (RR) is defined as the marginal rate of substitution 1 between (expected) travel time and travel time reliability. In microeconomic theory, this is represented as 2 the ratio of the marginal utility of (expected) travel time to the marginal utility of travel time reliability.
3
Formally,
The Value of Time (VOT) and the Value of Reliability (VOR) are defined respectively as general model, in contrast to his other models. Unobserved heterogeneity is considered in the meta-analysis.
47
Finally, the estimation of the marginal rates of substitution may be affected by distinct choice dimensions 1 (e.g. route choice, mode choice). There might be differences in the choice behavior of travelers between 2 mode and route (perhaps even departure time). In addition, these differences could also be attributed to 3 the modeling (perhaps even endogeneity issues supporting joint choice models). In the meta-analysis, these 4 difference of estimates are explored to identify the trend of the estimates with regards to these results. Fur-5 thermore, a procedure is outlined for making estimates comparable for the meta-regression in the correction 6 of estimates section, and the variables of interest are covered along with the econometric model used in the 7 meta regression section. 
Correction of estimates 9
In discrete choice models (consistent with Random Utility Theory), an utility function is specified and esti- 
The best solution to both problems consists of using a standard methodology (i.e. same travel time 20 distributions), and same (un)relability measures on the same observations for each study. However, this 21 requires reestimating, and performing transformations to the data sets. Unfortunately, these changes are not 22 possible unless the data sets were available to the public (not necessarily a possibility as data sets can be 23 costly). Other methods (as the ones outlined here) can be used to obtain reasonable solutions, although not 24 necessarily better.
25
First, the different measure problem can be fixed by using "transformation ratios" (similar to Tseng where a and b are the parameters for an uniform distribution.
In this study, a normal distribution was selected for the transformation ratios because the distribution 34 shape is hypothesized to be similar to the true distribution of travel times, it is tractable, and the transforma-
35
tion ratios are between uniform and triangle distributions (cases with no peak and peak travel times). The 36 transformation ratios are grouped in Table 2 . HOT lanes are mostly operating at free flow conditions. Therefore, the travel times tend to be rather constant. 
37
Meta-regression
11
A meta-regression is a multivariate regression or any of its extension according to the required characteristics
12
(e.g. heteroskedasticity, autocorrelation) of the data. Therefore it follows that a meta-regression is defined as
Where y represents the reliability ratio (RR), x are the k regressors (outlined in subsequent paragraphs),
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is the gaussian white noise ( i.i.d. N (0, σ 2 )), and n are the number of observations.
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The regressors are grouped into six classes. These are: 
Year of study:
1 This is a quantitative variable representing the trend of the estimates with regard to years of publication. additional information about these statistical (or econometric as there is overlap) models. a Feasible (also known as estimated) Generalized Least Square estimators (FGLS).
20
The weights for the WLS model are the average sample size divided by number of observations per study.
21
In this way, the impact of many observations per study (a likely source for heteroskedasticity) is reduced. The The reliability ratio according to the FGLS and OLS-RSTDE varies in size by the following statistical 30 significant variables: travel time unit, region (MN and CA), year of study, and the choice dimension (route).
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It is prudent to look at all classes of regressors (even if they are not statistically significant) as there could 32 be reasons or further insight into why they were not found "important" in describing the variation of the RR The presence of unobserved heterogeneity was not found statistically significant. This is plausible as the
36
RR estimates of models including it might not be as different as models without it. The differences are 37 ameliorated by taking ratios of VOR to VOT (both estimates might reduce or increase by similar proportion).
38
It is likely that meta-regressions for VOT or VOR could find this effect significant. for regular peak hours. It should be noted that in order for RR to be higher either VOT reduces or VOR 7 increases or both values increase by distinct proportions, but VOR must increase more. e See Section 5 for variable descriptions.
Conclusion
1
In this study, the value of travel time reliability was reviewed along with the current approaches. It is con-2 cluded that more search is required in terms of revealed preference data, and a consensus needs to achieved Failure and Feasibility'.
